For neurorehabilitation to advance from art to science, it must become evidence-based. Historically, there has been a dearth of evidence from which to construct rehabilitation interventions that are properly framed, accurately targeted, and credibly measured. In many instances, evidence of treatment response has not been sufficiently robust to demonstrate a change in function that is clinically, statistically, and economically important. Research evidence of activity-dependent central nervous system (CNS) plasticity and the requisite motor learning principles can be used to construct an efficacious motor recovery intervention. Brain plasticity after stroke refers to the regeneration of brain neuronal structures and/or reorganization of the function of neurons. Not only can CNS structure and function change in response to injury, but also, the changes may be modified by "activity". For gait training or upper limb functional training for stroke survivors, the "activity" is motor behavior, including coordination and strengthening exercise and functional training that comprise motor learning. Critical principles of motor learning required for CNS activity-dependent plasticity include: close-to-normal movements, muscle activation driving practice of movement; focused attention, repetition of desired movements, and training specificity.
INTRODUCTION
For neurorehabilitation to advance from art to science, it must become evidence based. There is currently a dearth of evidence on which to construct rehabilitation interventions that are accurately targeted, properly framed, and credibly measured. In many instances, evidence of treatment response has not been sufficiently robust to demonstrate a change in function that is clinically, statistically, and economically important.
This paper describes how the evidence for activity-dependent central nervous system (CNS) plasticity, along with its motor learning principles, can be used to construct an efficacious intervention. Additionally, this paper provides an illustration of the use of a model to construct rehabilitation goals and to select an array of measurements of treatment response. The model is the World Health Organization (WHO) Disability Model, most recently referred to as the International Classification of Functioning, Disability, and Health Model (ICF [1, 2, 3] ). We will describe measures developed specifically to quantify either coordinated gait components or functional performance of the upper limb.
EVIDENCE FOR THE USE OF ACTIVITY-DEPENDENT CNS PLASTICITY AND MOTOR LEARNING PRINCIPLES TO CONSTRUCT MOTOR RECOVERY INTERVENTION
Activity-dependent CNS plasticity and the requisite motor learning principles can be used to construct an efficacious motor recovery intervention. Brain plasticity after stroke refers to the regeneration of brain neuronal structures and/or reorganization of the function of neurons. Not only can CNS structure and function change in response to injury, but the changes may also be modified by "activity". During the past 15 years, researchers have provided us with a beginning understanding of the "activity" necessary to modulate CNS plasticity. In normal, mature animal models, an enriched environment, in comparison to a nonenriched environment, produced greater structural CNS changes, such as greater dendritic branching [4] , greater number of synapses [5] , and greater number of hippocampal neurons [6] , as well as an association between CNS changes and motor behavioral gains [7, 8] . The same activity-dependent plasticity was demonstrated in stroke animal models [4, 9, 10, 11, 12] . In human models, imaging studies provided preliminary evidence of activity-dependent plasticity [13, 14, 15, 16, 17, 18, 19, 20, 21] .
For gait training or upper limb functional training for stroke survivors, the "activity" is motor behavior, including coordination and strengthening exercise, and functional training that comprises motor learning. Motor learning refers to the process of acquiring the capability to produce skilled movement [22] . The theory of motor learning is based on studies that span biomechanics, motor control, muscle biology, motor learning, and cognitive psychology [23] . A central assumption of the motor learning model used in neurorehabilitation is that the neural structures controlling movement are required to adapt to constraints that are imposed by the structure of the musculoskeletal system, the physical laws governing movement, and the impairments that are present [24] . Task-related practice of movement is considered essential [23] . Before generating the treatment plan, the therapist evaluates the point at which the patient fails at a given motor task. For example, the patient may not be able to bring a glass to the mouth without spilling the contents because there is an impairment of coordination for the combined movements of elbow flexion/forearm supination/wrist flexion/wrist lateral deviation, all of which are required in order to bring the glass to the mouth while keeping the surface of the liquid parallel to the ground (no spilling). Generation of the treatment plan involves determining a hierarchy of tasks or task components from less to greater difficulty [22, 25] . In our example of "glass to the mouth without spilling", depending on the coordination impairments that are present, one motor practice progression might be: elbow flexion + forearm supination; elbow flexion + wrist flexion; elbow flexion + wrist lateral deviation; and begin to combine three movements within a small range of motion, increasing the range as coordination is mastered; and begin to combine four of the required movements. In order to ensure successful response to intervention more certainly, some have studied the particular nature of the motor behavior practice necessary to effect activity-dependent CNS plasticity. The results of these studies provide us with several principles of motor learning required for CNS activity-dependent plasticity. These principles include close-to-normal movements [8, 9] , muscle activation driving practice of movement, focused attention [26] , repetition of desired movements [27, 28, 29, 30] , and training specificity [31] . If an intervention includes practice of abnormal movements, unfocused attention, or too few repetitions, motor skill acquisition is unlikely to occur. In fact, one of the greatest difficulties for stroke survivors is the inability to produce volitional movements that are close to normal and that can be practiced repeatedly. Therefore, one of the critical hallmarks of an efficacious intervention is a method to practice close-tonormal movements repetitively, fulfilling the motor learning principles required to induce the brain plasticity needed to drive more normal movement.
RATIONALE FOR THE USE OF THE ICF MODEL FOR MEASUREMENT SELECTION AND DEVELOPMENT
The ultimate goal of rehabilitation is to restore function so that an excellent quality of life can be experienced. However, for rehabilitation of many neurological diagnoses, credible evidence is lacking with regard to how to treat impairments sufficiently, so that function improves. Moreover, evidence is lacking regarding how to treat dysfunction sufficiently to actually improve quality of life. It appears that a health systems model could provide a means to focus the goal of rehabilitation on restoration of function and quality of life.
Accurate measurement of dysfunction and its underlying impairments is critical to the development of accurately targeted interventions that are sufficiently robust to produce gains not only in function, but also in quality of life. The ICF model of disablement, put forth by the World Health Organization, can provide some guidance in measurement level selection (ICF [1, 2, 3] ). The ICF model provides a concept of the relationships among levels of abnormality for those with limitations. The ICF model includes components of pathology, impairment, dysfunction in performing personal tasks, and limitations in life role activities, arranged in a hierarchical fashion. The multiple components and the implied hierarchical configuration render the ICF model useful in identifying or developing the array of measures needed in order to accurately quantify response to rehabilitation. In the context of the ICF model, for stroke, impairment can include weakness or dyscoordination produced by nervous system pathology. In this model, dysfunction refers to loss or compromise of ability to perform an action or task basic to independent function, such as feeding oneself or walking to the bathroom. Limitation in life role activities refers to restrictions in performing social roles, such as employee, homemaker, spouse, family member, volunteer, or friend. The model suggests that we consider the pathologies and impairments that can underlie functional deficits [32] . For some patient populations, there is evidence that some dysfunctions are associated with particular underlying impairments [1] . The ICF model also suggests that dysfunction underlies limitations in life role activities.
Clearly, inaccurate measurement of treatment response is an obstacle when assessing the effectiveness of treatment. There are multiple measurement problems that preclude capture of an existing good effect size in response to treatment. First, the measure may have a ceiling or floor effect. For example, if stroke recovery was measured using the Barthel Index, 57.3% of patients were considered "recovered", whereas if the NIH Stroke scale was used, only 44.9% of patients were considered recovered, and even fewer (36.8%) were recovered according to the Fugl-Meyer coordination scale [33] . Second, a measure may be insensitive at the level of intervention. This could be the case for the Functional Independence Measure (FIM [34, 35] ). For example, even if the intervention is targeted to enhance function of the involved upper limb, the FIM would likely not capture improved function of the involved limb. This could occur because the FIM measures gross overall function and does not distinguish whether a task is accomplished using one or both hands. Third, if the measure is too broad and includes irrelevant items that were not treated and so were not expected to change, a percent gain score may not capture change in response to treatment. Fourth, a problem in capturing gains can sometimes occur when all the relevant functional item scores are averaged rather than summed. For example, some measurement directions stipulate that functional tasks should be timed, the pre-/post-treatment gain calculated for each task, and then the mean across tasks calculated. However, a good improvement in one targeted functional task may be obliterated by averaging across the multiple items, some of which, although treated, showed no change. Fifth, some measures are scored using an item-weighting scheme based on assumptions that may be inaccurate for a given purpose. For example, the Craig Handicap Assessment Rating Tool [36] is an excellent measure of limitation in life role participation, with regard to the breadth and depth of item content and the response requirements from the user. However, if the intervention had a positive effect only on the items with lesser weights, it might not be possible to show a significant gain in response to treatment using the suggested weights. Sixth, some rehabilitation research measures are in a self-report format. A subject's viewpoint is useful to determine how patients feel about an intervention and how they perceive themselves, but self-report may not be an accurate measure of actual change in performance. Seventh, a measure may be heterogeneous. For example, a single measurement tool may contain items assessing both impairment and function (Wolf Motor Function Test [37] ), or both gait deficits and compensatory strategies (Tinetti Gait Scale [38] ). It is important to keep in mind both the limitations and advantages of each measure. But certainly, working from the ICF model, we can reason that if impairment is targeted in intervention, impairment should be measured. But importantly, if the ultimate goal of rehabilitation is normal function and life role participation, function and life role participation should also be measured. In that light and according to the ICF model, the intervention as a whole should be so structured and results robust enough to impact not only impairment, but also function and life role participation.
EVIDENCE-BASED CONSTRUCTION OF A GAIT TRAINING INTERVENTION AND MODEL-BASED DEVELOPMENT OF MEASURES Intervention Development Based on Principles of Motor Learning and Brain Plasticity
Normal gait is characterized by multiple, simultaneously and/or sequentially executed coordinated and precisely timed movements of the hip, knee, and ankle that translate the body forward. Many stroke survivors exhibit persistent dyscoordinated gait components. A number of promising interventions have been studied and they include treadmill training (TT), body weight supported treadmill training (BWSTT), over ground gait training, and task-specific gait training. For the stance phase of gait, there is evidence that BWSTT can provide the practice of some gait components closer to normal than would otherwise be possible during volitional over ground gait training. These stance phase practice advantages include safety and balance control, mitigation of the fear of falling [39] , more symmetrical single and double stance ratio [40] , more symmetrical weight shift [39, 41] , more symmetrical activation of tibialis anterior and quadriceps during limb loading [42] , and faster walking practice [39, 43] . It is important to note that the prior list of items does not represent results of the treatment; rather, they are gait components that can be practiced with BWSTT.
In response to treatment, however, these methods have exhibited mixed results (e.g., BWSTT and TT [44] ), according to measures of gait speed. In developing new gait training interventions, practicality is an important issue. In offering BWSTT, an abnormal swing phase can be practiced repetitively, unless normal swing phase movements are manually provided for each step. Manual assistance can be overly burdensome and is an unrealistic expectation for rehabilitation specialists. Studies of BWSTT and most gait training methods have either not measured coordinated gait components [44] or there was no improvement in coordinated gait components [45] . Possible reasons for the lack of results in some gait training studies could be that brain plasticity and associated motor learning principles were not sufficiently considered in construction of the intervention.
Our purpose was to develop a gait training protocol that would induce CNS plasticity that would be adequate to restore coordinated gait components to a sufficiently robust degree to impact participation in life role activities. According to the CNS plasticity model and associated motor learning principles, muscle contractions and movements can enhance CNS plasticity. This occurs, in part, through the affective signals, which are generated in muscle and joint receptors that are activated during movement and communicated to the CNS. The nature of the affective signals is important, requiring that the movements are properly performed as close to normal as possible and sufficiently repeated. In the case of more mildly involved stroke survivors, conventional exercise and gait training interventions can induce muscle contractions and movements. However, for many stroke survivors, the muscle contractions and movements are abnormal or nonexistent. There is a need to develop effective interventions for those stroke patients who are moderately or severely involved. Considering the evidence of CNS plasticity and associated principles of motor learning, we developed gait training methods that induced movement as close to normal as possible, and repeated practice of that movement.
FES (functional electrical stimulation) is a promising therapeutic modality in that it assists in satisfying CNS plasticity motor learning principles. Weakness [46] and dyscoordination [47] are impairments that can underlie gait deficits in stroke survivors. The literature supports the use of FES to address impairments of weakness [48, 49] , dyscoordination of single [50] and multiple joint [51] movements, abnormal muscle tone [52] , and dyscoordinated gait components [51, 50] . Requirements for an effective rehabilitation intervention include targeting the weakness and/or dyscoordination produced by a stroke, but also, importantly, effective rehabilitation must provide practice of functional movement components that are as close to normal as possible. FES can address several requirements of motor learning according to CNS plasticity. Using FES to drive muscle groups in specific activation patterns can provide strengthening exercise as well as retrain coordination. Coordination retraining can occur because FES can induce more normal movement patterns than could be practiced without FES. FES can be used in this way, even in some cases for which volitional movement practice is not possible at all. FES can be used to practice gait components separately and in over ground gait training.
In contrast to BWSTT that is not well suited for practice of swing phase gait components, there is evidence that FES can provide practice of more normal swing phase components [39] . Moreover, the combination of BWSTT and FES gait training can provide practice of a greater number of normal coordinated gait components for both stance and swing phases than either BWSTT or FES alone [39] . FES can induce muscle contractions and joint movements that can closely approximate normal gait components, as well as repeated practice of the gait components. Electrically induced muscle activations and swing phase movements are more actively produced in comparison with the passively received manual assistance of limb movements provided by therapists during BWSTT. FES can be customized to the needs of each patient with regard to stimulus intensity and timing of muscle activations within the gait cycle. We have found, for gait training, that FES delivered using implanted electrodes is superior to FES surface electrode systems. Multichannel surface FES systems are impractical for this purpose for a number of reasons, including a lengthy donning procedure, nonspecific muscle activation, inconsistent muscle response from day to day, impracticality of a home program (patients unable to don the system at home), and lack of portability of a multichannel surface system [53] . FES with intramuscular (IM) electrodes (FES-IM) can remedy these disadvantages. FES-IM proved safe [54] , feasible for acute [55] and chronic [50] stroke survivors, comfortable for users [55] , and capable of improving coordinated gait components [50, 51] . In addition, with combination BWSTT + FES, we have the capability of practice of the greatest number of gait components for which we can satisfy two motor learning principles associated with CNS plasticity: practice of close-to-normal movement and repetition of that practice.
Measurement Development
Coordinated gait components are required for normal walking [56, 57] . We developed an FES-IM gait training protocol that targeted dyscoordination. Therefore, it was important to develop measures that were valid for that purpose and sensitive enough to discriminate gains that occurred in coordination in response to treatment. One movement that normally occurs during swing phase is knee flexion. The "stiff-legged gait" is one hallmark of a gait pattern exhibited by some stroke survivors [58] . In this pattern, the knee does not flex during swing phase. Volitional knee flexion is impaired in stroke survivors who utilize this stiff-legged pattern. To assess the potential improvement in response to our intervention, we devised a measure of knee flexion coordination impairment [59] .
A second important aspect of the coordination of gait is the relative movement between hip and knee flexion during swing phase. Hip and knee flexion must occur according to consistently repeated, precise timing and precise excursion, with knee flexion occurring at a faster rate and to a greater degree than hip flexion. Without this precise timing and movement control, there is an abnormal elevation of energy cost of the gait pattern. Consistency of movement timing and excursion is a hallmark of normal gait [60] . The FES-IM intervention was developed to deliver consistent practice of these precision movement timings. Since we targeted consistent gait movement timing in our interventions, it was important to measure consistency of coordinated gait hip/knee movements. There was no existing single-number index for stroke gait coordination according to consistency of hip/knee coordination; therefore, we tested a potential measure for its usefulness in stroke gait evaluation, finding it reliable and capable of discriminating normal gait coordination from dyscoordination in stroke gait for both the involved and uninvolved limbs, as well as discriminating treatment response [60] . This measure was termed the average coefficient of consistency (ACC) of relative hip/knee (H/K) movement across multiple steps (H/K ACC).
Results of Implementing an Evidence-Based Intervention with Model-Based Measures
In a randomized controlled trial (RCT; n = 31 stroke survivors >12 months poststroke), we tested comprehensive gait training utilizing BWSTT, both with and without FES-IM. This combination protocol was developed not only to address weakness and dyscoordination of isolated joint movement, but also to provide practice of stance phase and swing phase gait components that were executed as close to normal as possible. Table 1 lists an accounting of practice advantages of BWSTT, FES-IM, and a combination of the two. For the FES-IM group, the following muscles were provided with intramuscular electrodes: gluteus medius, vastus lateralis, short head of the biceps femoris, long head of the biceps femoris, either the semitendonosus or the semimenbrandosus, lateral head of the gastrocnemius, tibialis anterior, and peroneus longus. Monitored anesthesia care was provided for patient comfort. Electrodes were inserted using a hypodermic needle injection method [61] and electrodes remained comfortably in place for the duration of the study [54, 62] . Subjects in both groups were treated 4 days/week, 1.5 h/day, for 12 weeks, with a single session composed of 0.5-h exercise, 0.5-h BWSTT, and 0.5-h over ground gait training. The FES-IM group used FES-IM for all three aspects of treatment and the No-FES did not use FES during the three aspects of treatment. FES gait training patterns were customized from templates [39, 51] . FES-IM was used for strengthening and coordination exercise, gait component practice, and gait training, with the FES level incrementally reduced as volitional control was restored. Stimulation parameters were as follows: 30 Hz, 20 mA, 1-to 150-μsec pulse width. In the RCT, we found that there was a statistically significant advantage for adding FES-IM gait training, according to H/K ACC, the measure of consistently executed hip/knee coordination during walking [60] and a specific measure of isolated joint knee flexion coordination, and a measure of multiple coordinated gait components [59] . Further, enhanced gains in gait component coordination were robust enough to result in achievement of milestones in participation in life role activities [59] . One reason that these results were obtained could have been that the intervention was designed to provide practice of as-close-to-normal movement as possible, thereby satisfying one of the motor learning principles of CNS brain plasticity. Further, specific measures were used for impairments that were targeted in treatment: isolated joint movement coordination and coordinated gait components. Finally, guided by the health systems ICF model, life role participation was considered an important outcome. Therefore, the protocol was constructed so that there was incrementally graded progression of motor coordination and sufficient practice to restore function and life role participation. Table 5 .
TABLE 1 Capability of Three Different Modalities to Provide Gait Practice

EVIDENCE-BASED CONSTRUCTION OF AN UPPER LIMB MOTOR LEARNING INTERVENTION AND MODEL-BASED DEVELOPMENT OF MEASURES Intervention Development Based on Principles of Motor Learning and Brain Plasticity
A number of innovative methods have been studied during the past 10 years that show some promise for restoring upper limb function of stroke survivors. Two of these methods are robotics and functional electrical stimulation (FES). These two therapeutic modalities are promising in that each has the capability to address particular impairments exhibited by stroke survivors, including weakness, hypertonia or spasticity, and dyscoordination, all of which may underlie upper limb dysfunction.
Response to Functional Electrical Stimulation (FES)
Response to FES has been studied for decades. Some early cohort studies demonstrated the feasibility and promise of using FES in chronic (>6 months) stroke survivors to improve the impairments of weakness, dyscoordination, and spasticity. Four early RCTs reported a statistically significant advantage in the use of FES for improving muscle strength vs. other available treatments for wrist extensors [63] , knee extensors [49] , ankle dorsiflexion [64] , and wrist and finger flexors and extensors [65] . Glanz et al. [66] performed a meta-analysis study of FES for those studies published from 1978 to 1992, ultimately identifying the above four studies as RCTs and qualifying for meta-analysis with a common measurement metric, muscle force. According to meta-analysis, they found a good effect size of 0.63 for the four combined studies for FES-induced muscle force gains vs. other available interventions (95% CI 0.29-0.98; p < 0.05).
There is evidence that FES can reduce upper limb spasticity. In cohort studies of chronic stroke survivors with some residual elbow extension, FES intervention showed statistically significant reduction of abnormal biceps activation (EMG amplitude) during an elbow extension task [67, 68] , and either mean improvement or statistically significant improvement in Ashworth spasticity measures of shoulder, elbow, wrist, and finger muscles( [69, 70] , respectively).
Researchers showed that FES was promising as a means to target dyscoordination. Some have used the Fugl-Meyer Coordination measure (FM) and found improvement in cohort study design (FM grasp item [71] ) as well as an RCT that demonstrated a statistically significant advantage of FES, according to FM [72] . As in the previously described studies, it is important to target and measure treatment response according to upper limb impairments, such as weakness, spasticity, and dyscoordination, but it is critical that interventions result in sufficient impairment gain to produce measured functional gains. Activitydependent CNS plasticity and principles of motor learning can serve to guide the generation of an intervention that not only improves impairment, but also effects significant functional gains. Two critical principles are training specificity and close attention to the motor practice. In order to provide these conditions, some researchers developed a motor learning protocol [73] composed of an array of tasks and task components. However, a volitionally practiced motor task can be practiced only for those who can at least partially perform the task. Many stroke survivors are unable. More recently, several researchers provided evidence that FES, when combined in a productive manner with other available methods, can produce functional gains. FES was capable of inducing muscle contractions and joint movements that were otherwise not possible to practice. For example, the surface FES could extend the wrist and fingers in preparation for grasping an object. In a cohort study, Alon and colleagues [70] described a method of combining FES for wrist and hand muscles with functional movement practice. In mild to moderately involved stroke survivors, they showed that this combination treatment resulted in statistically significant pre-/post-treatment gains in standardized measures of functional movements, such as grasp and release (Jebsen Heavy Cylinder and Light Cylinder subscales), and translational shoulder movements in the horizontal plane (Box and Blocks test [70] ). In two recent RCTs, two other groups showed that there is a statistically significant advantage for FES combined with functional task component practice vs. the same treatment without FES. These results were shown with measures of actual functional tasks. For example, Popovich et al. [74] studied those who were mildly involved (<6 months) and they used the Upper Extremity Functional Test [74] . Daly and colleagues [75] studied those who were severely involved, and found a statistically significant advantage for combined FES (wrist/finger muscles) plus functional practice vs. functional practice and an alternative intervention, according to a subscale of the Arm Motor Abilities Test, a measure of wrist/hand functional task movements [75] .
Response to Robotics Training
Robotics applications for stroke survivors have a shorter history compared to FES. A number of investigators have shown that robotics can improve active shoulder movement [76] , strengthening, and coordination [77] . An RCT showed that there was a statistically significant advantage of robotics vs. conventional exercise, according to shoulder/elbow coordination [78] . Scientists have successfully utilized robotics technology to elucidate important aspects of motor recovery, such as muscle activation patterns [80] , smooth movement control [82] , and the use of motor challenge vs. movement assistance [83] . More recently, others substantiated gains in impairment in response to robotics [79, 80, 81] , but no assessment of accompanying functional gain was provided in response to robotics, or there was not significant function gain in the measures used (e.g., the FIM [78] ).
Measurement Development
In testing upper limb functional response to rehabilitation, it is important to avoid the measurement problems described above, such as subjectivity of self-report (Motor Activity Log (MAL) [37, 84] ), heterogeneous measures [37] , and absence of measures of everyday functional tasks.
During the development of new intervention methods, it is sometimes necessary to limit interventions to motor control of a given joint(s). In that case, it is critical to utilize an outcome measure that is constructed to focus on only the motor control of joint movement(s) treated. To meet the need for focused, functional task assessment of either forearm/wrist/hand motor control or shoulder/elbow motor control, we used two strategies. First, we identified individual items within an existing impairment measure that could differentiate treatment response at an individual joint. For example, an individual item in the Fugl-Meyer Coordination scale captured the coordination ability of the finger extensors that was needed to release an object from the hand after completion of a task [75] . Second, we constructed two separate functional task measures. These were limited to either forearm/wrist/hand or elbow/shoulder functional task components. The functional task measures were based on the existing Arm Motor Ability Test (AMAT [85] ), composed of 13 complex tasks (e.g., cut the meat with knife and fork). We devised a method to measure gains in the actual complex shoulder/elbow movements (AMAT S/E) or forearm/wrist/hand movements (AMAT W/H [75] ) that composed the 13 functional tasks. We tested the performance of the measures, finding them valid, reliable, and capable of discriminating treatment response [75] .
Results of Implementing an Evidence-Based Intervention with Model-Based Measures
In a small RCT (n =12 stroke survivors; >12 months after stroke), we tested a combination of shoulder/elbow robotics and motor learning (ROB ML) vs. a combination of wrist/hand FES and motor learning (FES ML) in severely involved chronic stroke survivors. These two combination protocols were developed to incorporate important motor learning principles associated with CNS plasticity. Both robotics and FES provided different and overlapping elements of coordination training required by the motor learning principles associated with the CNS plasticity model. Table 2 lists the practice advantages of robotics, FES, and motor learning without therapeutic agents. For the robotics application, the subject was in a seated position and practiced linear movements in eight different directions on a horizontal work surface with the forearm in a supporting cradle. For the FES application, subjects were in a seated position at a work station, and FES was applied to the wrist and finger flexors and extensors. When FES activated wrist extensors and finger flexors, the subject practiced grasping an object. When FES activated wrist extensors and finger extensors, the subject practiced releasing the object. FES stimulation parameters were as follows: 50 Hz, 300-μsec pulse width, and amplitude within comfort of the subject.
We found that ROB ML produced a statistically significant gain in AMAT S/E, whereas FES ML did not. We found that FES ML produced a statistically significant gain in AMAT W/H, whereas ROB ML did not [70] . These results together support the phenomenon of training specificity in that the most practiced joint movements improved in comparison to joint movements that were practiced at a lesser frequency. It is possible that this study was successful in producing gains in a functional measure because the intervention was planned in accordance with principles of motor learning-associated motor skill acquisition, according to CNS plasticity. A second potential reason for successful demonstration of functional gain in response to targeted treatment was that the measures were designed for accuracy and sensitivity in measuring the response to each specific intervention.
RELATIONSHIP BETWEEN BRAIN PLASTICITY MOTOR LEARNING PRINCIPLES AND THE ICF HEALTH SYSTEMS MODEL
If we are willing to adhere to the ICF model, we accept the challenge that the goal of rehabilitation is life role participation, with functional improvement as in important intermediary step. The ICF model suggests that we intervene at multiple lower levels (e.g., pathology and impairment) in order to improve the higher levels of function and life role participation. The ICF model also suggests that we measure at each level. Not only can we then understand response to treatment at each level, but we can also begin to understand relationships between levels (e.g., impairment and function). With the ICF model proffering the challenge of restoring life role participation, it then becomes important to design and test interventions that result in impairment gains sufficiently robust to be reflected in functional activities and, further, in life role participation. Fortunately, CNS plasticity and associated motor learning principles can serve well as the basis for generating such interventions. These principles were useful in generating both efficacious gait training and upper limb functional training interventions. These principles led to the use of therapeutic agents (FES and robotics) so that close-tonormal movements could be practiced. These principles supported the use of specific therapeutic agents (BWSTT, FES, and robotics) so that sufficient movement repetition could be provided. These principles also supported incorporation of functional task practice and the demand of attention to task practice within the intervention.
The ICF model provided the challenge to restore function and life role participation. The means to that end were provided by CNS plasticity and associated principles of motor learning.
